The geometric-arithmetic indices are widely considered in the chemical graph theory in the last decade. The reason of introducing new indices is to gain prediction of target properties of considered molecules that is better than the prediction obtained by already known indices. In the case of the fifth geometric-arithmetic index hitherto no ability of prediction of some molecule property has been considered.
INTRODUCTION
Among the molecular descriptors which provide information on molecular constitution, topological indices have several assets such as: (1) 
Among the degree-based topological indices a class of geometric-arithmetic topological indices
18 may be defined as
where Q u is some quantity that can be in a unique manner associated with vertex u of graph
G. The first member of this class was considered by Vukičević and Furtula 33 in year 2009
by setting Q u to be the vertex degree d (u) . One year later Fath-Tabar et al. 16 introduced the second such index by setting Q u to be the number n u , which is the number of vertices of G lying closer to vertex u than to vertex v for edge uv of a graph G. The edge variant was studied by Bo Zhou et al. 35 in 2009 and lead to the third geometric-arithmetic index;
Q u being the number m u of edges of G lying closer to vertex u than to vertex v for edge uv of a graph G. The fourth member of this class was considered by Ghorbani et al. 21 in 2010 by setting Q u to be the eccentricity of vertex u denoted by ε u and finally the fifth geometric-arithmetic index was defined in 2011 by Graovac et al. 22 by letting Q u to be the sum of degrees over all vertices incident with vertex u.
Beside that the edge and the total versions of geometric-arithmetic indices were considered 25, 26 and recently Wilczek 37 defined nine new geometric-arithmetic indices. Some mathematical properties of first four geometric-arithmetic indices are obtained in [5] [6] [7] [8] [9] [10] 31, 32 .
It was also shown that first three geometric-arithmetic indices possess relatively good descriptive as well as predictive capabilities with respect to some selected properties of octanes and benzenoid hydrocarbons 8, 33 .
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Fifth geometric-arithmetic index
After the introduction of the fifth geometric-arithmetic index it has been calculated for many different families of (molecular) graphs, but there were no known correlation nor with physico-chemical properties of molecules nor with any other topological indices. The aim of the present paper is to fill this gap. The fifth geometric-arithmetic index is compared with some other distance-based topological indices and physico-chemical properties. As it is best correlated with the atom-bond connectivity index, which is used for predicting the heat of formation of certain hydrocarbons, the connection between the fifth geometric-arithmetic index and the heat of formation is established.
THE FIFTH GEOMETRIC-ARITHMETIC INDEX AND SOME OTHER DISTANCE-BASED TOPOLOGICAL INDICES
A graph G is an ordered pair G = (V, E) of a set V of vertices (also called nodes or points)
together with a set E of edges, which are 2-element subsets of V (more information about some basic concepts in graph theory can be found in a book written by West 36 ). Having a molecule, if we represent atoms by vertices and bonds by edges, we obtain a molecular graph.
The graphs considered in this paper are all finite and connected. The degree d(u) of a vertex u ∈ V (G) is the number of edges incident to vertex u.
The fifth geometric-arithmetic index is defined as
where
As an example, we calculate the fifth geometric-arithmetic index for 1-methylnaphthalene (see Figure 1 ).
First we denote the molecular graph of 1-methylnaphthalene by G. Then
The fifth geometric-arithmetic index was firstly computed for nanostar dendrimers 22 , followed by circumcoronene series 12 , zig-zag polyhex nanotubes and nanostars
Fifth geometric-arithmetic index 
and the second Zagreb index equals
Zagreb indices can also be calculated by using the valence vertex degree d v (u) (i.e. the number of valence electrons of u minus the number of hydrogen atoms attached to u) resulting in the first and the second valence Zagreb indices
Some other important degree-based topological indices are Randić connectivity index 
the total structure connectivity index
, and the quadratic index 4 , also called normalized quadratic index
where g are the different vertex degree values and g F is the vertex degree count.
COMPUTATIONAL DETAILS
In the present section we give an algorithm which we use to compute the fifth geometricarithmetic index. The algorithm contains two special functions, i.e. CalculateDegree and
CalculateS.
Let G be a graph given by an adjacency matrix with vertices 1, 2, . . . , n. The function
CalculateDegree computes degree for a given vertex. The function CalculateS determines the value which is the sum of degrees of all neighbors for a given vertex. Note that this two special functions can be obtained easily and both functions have the time complexity O(n 2 ).
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Algorithm 1:
The fifth geometric-arithmetic index.
Input : Graph G with vertices 1, 2, . . . , n.
Output:
The fifth geometric-arithmetic indices for the polyaromatic hydrocarbons molecules are collected in Tables 2 and 3 ; and for the alkane series in Table 4 .
Since the data for the atom-bond connectivity index for the polyaromatic hydrocarbons is not available, we compute these values with a simple algorithm. The algorithm for calculating the atom-bond connectivity index is quite similar to the algorithm for calculating the fifth geometric-arithmetic index. For the completeness of the paper, we give it anyway.
As before, let G be a graph given by an adjacency matrix with vertices 1, 2, . . . , n and the function CalculateDegree computes degree for a given vertex. Let us mention that 6
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Algorithm 2 has the time complexity O(n 2 ).
Algorithm 2:
The atom-bond connectivity index.
Output: ABC(G)
The atom-bond connectivity indices for the polyaromatic hydrocarbons are collected in Tables 2 and 3 .
RESULTS AND DISCUSSION
A benchmark data set for the octane isomers and the polyaromatic haydrocarbons is available at www.moleculardescriptors.eu.
For the set of 18 octane isomers we have compared the fifth geometric-arithmetic index with 16 physico-chemical properties and then further with the degree-based topological indices -unfortunately no significant correlation could be established.
Next we perform the regression analysis on the set of 82 polyaromatic hydrocarbons.
The benchmark data set enables the analysis of three physico-chemical properties (melting and boiling point, octanol-water partition coefficient); we could not establish any correlation between the fifth geometric-arithmetic index and these properties. Further we consider degree-based indices and it turns out that the best correlation is the correlation between the fifth geometric-arithmetic index and the atom-bond connectivity index (see Figure 2 ).
More precisely, the regression statistics for these two indices is: multiple R is 0, 9997, R The quadratic index, the ramification index, the total structure connectivity index also have 8
Fifth geometric-arithmetic index a good correlation with the fifth geometric-arithmetic index. In this case the standard error is greater than 1, R 2 is between 0,94 and 0,98, multiple R and adjusted R 2 are both between 0,87 and 0,96. From this follows that correlation is still good, but in respect to other indices it is relatively poor. In the case of Schultz index and Gutman index the correlation is weaker.
The regression statistics between the fifth geometric-arithmetic index and the degree-based topological indices mentioned here are all collected in Table 1 .
As we can see the fifth geometric-arithmetic index correlates the best with the atom- Since the seminal paper 11 on atom-bond connectivity index models the heat of formation ∆H of alkanes, our next aim is to compare ∆H of alkanes with theirs fifth geometricarithmetic index. The data in Table 4 is taken form www.webbook.nist.gov and results in a linear regression with the multiple R = 0, 9999 and R 2 = 0, 9998. The good correlation is due to a linear relation between the fifth geometric-arithmetic index and the atom-bond connectivity index of the alkane series. The molecular graph of an alkane C n H 2n is a path P n on n vertices, so for n ≥ 5 a straightforward calculation yields in
what gives ABC(P n ) = 0.7071 GA 5 (P n ) + 0.0431 .
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CONCLUSIONS
The fifth geometric-arithmetic index is an index in the family of the degree-based topological indices. The index is relatively new and although its mathematical properties and closed formulae for some families of chemical graphs were derived, there is no proven relation between the fifth geometric-arithmetic index and physico-chemical properties or some other (degree-based) topological indices so far.
In this paper we consider three types of molecules. In the case of octane isomers no significant results could be shown. 
